Abstract. The multi-item single level capacitated dynamic lot-sizing problem consists of scheduling N items over a horizon of T periods. The objective is to minimize the sum of setup and inventory holding costs over the horizon subject to a constraint on total capacity in each period. No backlogging is allowed. Only one machine is available with a fixed capacity in each period. In case of a single item production, an optimal solution algorithm exists. But for multi-item problems, optimal solution algorithms are not available. It has been proved that even the two-item problem with constant capacity is NP-hard, that is, it is in a class of problems that are extremely difficult to solve in a reasonable amount of time. This has called for searching good heuristic solutions. For a multi-item problem, it would be more realistic to consider the setup time, since switching the machine from one item to another would require a setup time. This setup time would be independent of item sequences and this could be a very important parameter from practical point of view. The current research work has been directed toward the development of a model for multiitem problem considering this parameter. Based on the model a program has been executed and feasible solutions with some real life data have been obtained.
Introduction
Lot sizing is one of the most important and also one of the most difficult problems in production planning. Production planning is an activity that considers the best use of production resources in order to satisfy production goals over a certain period named the planning horizon. Production planning typically encompasses three time ranges for decision making: long-term, medium-term and short-term. In long-term planning usually the focus is on anticipating aggregate needs and involves such strategic decisions as product, equipment and process choices, facility location and design, and resource planning. Medium-term planning often involves making decisions on material requirements planning (MRP) and establishing production quantities or lot sizing over the planning period, so as to optimize some performance criteria such as minimizing overall costs, while meeting demand requirements and satisfying existing capacity restrictions. In short-term planning, decisions usually involve day-to-day scheduling of operations such as job sequencing or control in a workshop. In this paper the focus is on medium-term production planning and especially on singlelevel lot sizing decisions. Lot sizing decisions give rise to the problem of identifying when and how much of a product to produce such that setup, production and holding costs are minimized. Making the right decisions in lot sizing will affect directly the system performance and its productivity, which are important for a manufacturing firm's ability to compete in the market. Therefore, developing and improving solution procedures for lot sizing problems is very important.
The complexity of lot sizing problems depends on the features taken into account by the model [1] . The planning horizon is the time interval on which the master production schedule extends into the future. The planning horizon may be finite or infinite. A finite-planning horizon is usually accompanied by dynamic demand and an infinite planning horizon by stationary demand. Production systems may be single-level or multi-level. In single-level systems, usually the final product is simple. Product demands are assessed directly from customer orders or market forecasts. Multi-level systems are further distinguished by the type of product structure, which includes serial, assembly, disassembly and general or MRP systems. The number of end items or final products in a production system is another important characteristic that affects the modeling and complexity of production planning problems. There are two principal types of production system in terms of number of products. In single-item production planning there is only one end item (final product) for which the planning activity has to be organized, while in multi-item production planning, there are several end items. The complexity of multi-item problems is much higher than that of singleitem problems [2] . When there is no restriction on capacity, the problem is said to be uncapacitated, and when capacity constraints are explicitly stated, the problem is named capacitated. Capacity restriction is important, and directly affects problem complexity. Problem solving will be more difficult when capacity constraints exist. Demand type is considered as an input to the model of the problem. Static demand means that its value does not change over time, it is stationary or even constant, while dynamic demand means that its value changes over time. If the value of demand is known in advance (static or dynamic), it is termed deterministic, but if it is not known exactly and the demand values occurring are based on some probabilities, then it is termed probabilistic. Because the range of lot sizing problems is very large, in this paper only the focus is on deterministic, single-level dynamic capacitated lot sizing problem (CLSP) which is an NP-hard problem, since it has been proved that even the two-item problem with constant capacity is NP-hard [3] . The multi-item single level capacitated dynamic lot-sizing problem consists of scheduling N items over a horizon of T periods. Demands are given and should be satisfied without backlogging. The objective is to minimize the sum of setup costs and inventory holding costs over the horizon subject to a constraint on total capacity in each period. A multi-item, multi-echelon inventory problem, with stochastic variables is extremely difficult to solve in a realistic time period, which leads to NP-hardness, quite similar to scheduling problem [4] . Hence, it appears highly unlikely that an efficient optimal algorithm will ever be developed. So the search for a good heuristic method is definitely warranted. As a consequence, many heuristics were developed for this problem. Eisenhut's procedure [5] could be called period-by-period heuristic. His procedure was later extended by many, including Dixon and Silver [6] . Basic assumptions of the Dixon-Silver model are: (i) the requirements for each product are known period by period, out to the end of some common time horizon. (ii) for each product there is a fixed setup cost incurred each time production takes place, (iii) unit production and holding costs are linear, (iv) the time required to setup the machine is negligible, (v) all costs and production rates can vary from product to product but not with respect to time, and (vi) in each period there is a finite amount of machine time available that can vary from period to period. The objective is to determine lot-sizes so that (i) costs are minimized, (ii) no backlogging occurs, and (iii) capacity is not exceeded. It would be more realistic for multi-item problem to assume a setup time since production changeover from one item to another item incurs setup time. This setup time is usually independent of the item sequence. In Dixon-Silver heuristic setup time has been neglected. But for a multi-item problem, consideration of the setup time would be more realistic. The current research work has thus been directed toward an extension of the Dixon-Silver model considering the above mentioned situation. Based on the extended model a program has been executed with the data of a real life problem and feasible solutions have been obtained.
Mathematical Model
where N = the number of items, H = the time horizon, D it = the given demand for item i in period t, I it = the inventory of item i at the end of period t (after period t production and demand satisfied), x it = the lot-size of item i in period t, S i = the setup cost for item t, h i = the unit holding cost for item i, k i = the capacity absorption rate for item i, C t = the capacity in period t, St i = set-up time for item i, and
is a binary set-up variable indicating whether a set-up cost must be incurred for item i in period t or not. The unit production cost is assumed to be constant for each item. Therefore, the total production cost (excluding setup costs) will be a constant and hence is not included in the model. If initial inventory exists, or if positive ending inventory is desired, then the net requirements should be determined.
Heuristic Method of Solution
The multi-item problem with constant capacity is NP-hard. In this paper a new constraint, setup time is considered. With this new constraint the problem is also NP-hard. Setup time consideration is a very important parameter from practical point of view, especially when the problem is multiitem problem. Several other mathematical models have been developed to solve these types of NPhard inventory problems, those are computationally harder and thus require more time in information processing. Often, they become near NP-hard problem, with global search options [7] [8] [9] . Therefore, a heuristic has been developed which guarantees a feasible solution. This paper extends the basic Dixon-silver heuristic to accommodate setup time. For a detailed statement of the heuristic the reader is referred to [10] . For explanatory convenience, the heuristic is stated as follows.
Convertion of Given Demand Matrix into Production lot Matrix. Initial given demand matrix is converted into production lot matrix with the use of initial inventory, ending inventory and safety stock. Here the initial inventory is used to satisfy as much demand as possible in the first few periods. The net requirements will be that demand not satisfied by the initial inventory. During the calculation of the net demands, the amount of the safety stock should be maintained. Since the amount of the safety stock is always maintained, the demand in the last period H would be partially satisfied by the safety stock of the period H-1. If ending inventory is desired, then the requirements in period H should be increased by the desired ending inventory. This net requirement will be production lot. This step is called lot-sizing step.
Feasibility Routine. The second part of the structure of the heuristic is a feasibility routine. This part of the heuristic ensures that all demand is satisfied without backlogging. Since it is possible that in some periods total demand exceeds total capacity, in these cases some inventory should be built up in earlier periods with slack capacity. There are two basic feasibility mechanisms that can be employed for the feasibility step: the feedback mechanism and the look-ahead mechanism. In this paper the look-ahead mechanism has been used. In the feedback mechanism, whenever a period in which demand exceeds available capacity is encountered during the execution of the lot sizing step (an infeasible period), excess demand is pushed back to earlier periods with leftover capacity, taking into consideration setup and holding costs. In a look-ahead mechanism, the minimum required inventory build-up in every period in order to avoid capacity violations in later periods is computed a priori [11] . In other words, the cumulative requirements up to any period t are computed a priori, so that inventory is held in anticipation of infeasibility in future period (t + 1). The lot sizing step is then adjusted so that the planned production lots in each period satisfy these conditions. If the feasibility condition is not satisfied, the problem is infeasible i.e. all demands cannot be met with the available capacity. Improvement
Step. In the improvement step several rules are applied to the solution obtained by the lot sizing step to refine and improve the current solution and find further savings. Since in the improvement step, demand splitting is allowed over different lots (whereas it is not allowed in the lot sizing step), this step often is very effective and can improve the solution considerably. In this paper period-by-period heuristic is considered. Period-by-period heuristic works from period 1 to T in a single-pass construction algorithm. After producing the required amount for all products in period t (max{0; d it − I i; t−1 }), to save the setup costs, any excess capacity can be used to produce for demand in future periods. To choose the product and the amount of its production for future periods, all heuristics use a priority index which is taken from uncapacitated dynamic lot sizing heuristics such as the Silver and Meal [3] heuristic. In the current period the products which must be produced are determined, i.e. products that need setup. Silver-Meal criterion for the lot sizing rule defines the lot sizing criterion as the marginal cost saving per unit of additional capacity absorbed. This priority index is denoted by U i. The lot size of the item with the maximum positive U i is increased, as long as a cost saving can be achieved and capacity is available. In this step it tries to reduce the total cost and achieve feasibility. This is done by a leftshift procedure, that searches for shifts with the largest reduction in costs over all items and the whole planning horizon as long as the feasibility condition is not violated. If the value U i of is negative that means cost increases then improvement is also done with lowest cost increment to remove infeasibilities in the later period because the available capacity is not sufficient to meet the demands of those periods.
Application of the Heuristic
Dixon-Silver algorithm is extended with a new parameter, setup time. The extended heuristic has bee executed with the data of a real life problem using a programming language in PC version. Data has been collected from a renowned furniture company. The products are fixed chairs. Twelve models of fixed chairs have been considered here, and these models are given in Figure 1 . It is assumed that the entire production to meet demands is done in the plant and no subcontracting is permissible. Moreover, a further assumption is made that plant capacity could not be increased.
Figure1 Twelve models of fixed chairs that have been considered as sample product.
The input to the model would include all the costs and product data for each item, such as inventory holding cost, setup cost, setup time, production rate or capacity absorption rate, safety stock, initial inventory and ending inventory. The relevant product data has been depicted in Table1. The problem size has been restricted to 12 products and 12 time periods; each time period corresponds to a month. Forecasted demand would be given for each item in each period. In addition, available capacity would be used period by period as input data. Forecasted demand and the capacity of the machine are shown in Table 2 . It has been assumed that the capacity per month is the total number of hours available per month. In this problem, Period 1 corresponds to the month of January, Period 2 corresponds to the month of February. Thus the machine capacity in Period 1 is the total production hours available in January. There are two shifts (8 hours in each shift) in the factory. There is one hour for rest, tea etc in each shift. There is six working days in a week. To be on the safe side, it has been assumed that there is some overtime in some month for overproduction due to higher demand. Also there are some holidays in some month for different festivals. As for example, the machine capacity in Period 2 is 14 hr × 24 days = 330 hours. Similarly the machine capacity for the other periods has been calculated. Table 2 : Forecasted demand and capacity of the furniture company. Period   1  2  3  4  5  6  7  8  9  10  11  12  01  90  60  80  80  90  80  70  75  60  60  50  50  02  80  70  80  80  75  90  90  80  80  60  60  50  03  100  60  60  50  80  80  90  100  90  120  80  150  04  180  165  125  150  200  180  120  150  145  240  220  220  05  200  190  280  260  200  210  200  130  120  240  240  210  06  400  240  245  250  230  200  230  205  145  380  255  190  07  450  350  350  380  340  360  400  450  450  400  450  350  08  200  250  250  200  150  160  190  100  250  100  250  100  09  500  500  450  400  450  500  400  400  700  450  700  110  10  350  250  220  225  120  130  130  145  115  204  200  150  11  300  200  200  100  160  100  130  100  90  140  120  90  12  150  95  95  100  100  90  75  75  60  130 The given demand matrix is converted into production lot matrix such that starting and ending inventory are accommodated. In addition, demands are adjusted such that in the heuristic solution, the inventory at the end of any period never drops below the safety stock level. Results of the Heuristic Table 4 shows the final lot-sizes and forecasted machine hour requirements for each period, and Table 5 shows the inventories at the end of each period for all items. 1  2  3  4  5  6  7  8  9  10  11  12  01  0  50  80  80  90  80  70  135  60  50  90  0  02  40  70  80  80  75  90  170  140  0  170  0  0  03  0  60  60  50  80  80  163  218  99  0  220  0  04  80  165  125  150  200  180  120  295  240  220  0  340  05  80  190  280  260  200  210  200  130  120  240  240  300  06  300  240  245  250  230  200  230  205  145  380  255  240  07  450  350  350  380  340  360  400  450  450  400  450  450  08  10  250  250  200  150  160  190  100  350  0  250  240  09  200  500  450  400  450  500  400  400  825  325  700  510  10  280  250  220  225  120  130  130  260  204  200  175  35  11  260  200  200  100  160  100  130  190  0  159  101  130  12  20  95  95  100  100  90  75  75  60  130  105  120 Forecasted Machine Requirements (hours) 100  100  100  100  100  100  100  245  340  320  100  220  05  130  130  130  130  130  130  130  130  130  130  130  220  06  150  150  150  150  150  150  150  150  150  150  150  200  07  100  100  100  100  100  100  100  100  100  100  100  200  08  60  60  60  60  60  60  60  60  160  60  60  200  09  100  100  100  100  100  100  100  100  225  100  100  500  10  150  150  150  150  150  150  150  265  354  350  325  210  11  90  90  90  90  90  90  90  180  90  109  90  130  12  70  70  70  70  70  70  70  70  70  70  70  100 Tables 6 and 7 show the results that have been found after applying the heuristics without setup time and with setup time, respectively. : Tk. 242,022.00 Table 7 : Time and cost after applying the heuristic algorithm with setup time. The increase in setup time increases the time to produce an item. This increase in production time results an increase in the machine utilization time. With the increase of setup time, inventory holding cost increases gradually. Since the increase of setup time decreases the available capacity in a period, there could be periods in which total demand exceeds total capacity. To overcome this unbalance situation some inventory will have to be built up in earlier periods with available slack capacity. When setup time increases, number of capacity violating period would increase. Thus the inventory will be more. As a result inventory holding cost increases with the increase of setup time. With the increase of setup time, total cost increases, since the inventory holding cost increases, and the setup cost and safety stock cost remains almost unchanged.
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Conclusion
Lot-sizing problem is one of the most important functions in industrial units. Many dynamic programming solutions exist for this problem, but they are computationally complex when specialized to the multi-product dynamic lot-size problem. This paper considers the determination of lot sizes for the multi-item single-level capacitated dynamic lot-sizing problem so that the total setup plus inventory holding cost over the horizon minimizes. A multi-item capacitated problem is extremely difficult to solve in a realistic time period, which leads to NP-hardness. Hence, it appears highly unlikely that an efficient optimal algorithm will ever be developed. So the search for a good
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Advances in Materials and Processing Technologies II heuristic method is definitely warranted. As a consequence, many heuristics were developed for this problem. This paper extends Dixon-Silver heuristic with setup time which is very important from practical point of view, especially when the problem is multi-item and capacitated. The proposed heuristic has been executed with the data of a real life problem and has given feasible solutions. The inclusion of setup time results in machine occupation time to be increased. The consideration of setup time also let to increase in inventory holding cost. This increase in cost is to be attributed to increased inventory held for meeting demand of the later period and thereby removes infeasibility of the later periods. Although the traditional CLSP problem has been studied by many authors, looking for more efficient solution approaches is a challenging subject. Variants of the CLSP with complex setup and other variants which are more realistic and practical have received less attention in the literature. There has been little literature regarding problems such as CLSP with backlogging. Using some relatively new solution approaches such as tabu search, simulated annealing, and other metaheuristics for solving CLSP is also another fruitful area of research. Such techniques have been shown to be effective for similar NP-hard problems. Extension of the heuristic for multiple production stages could be a significant contribution.
